A CD2-Green Fluorescence Protein-Transgenic Mouse Reveals
Very Late Antigen-4-Dependent CD8 Lymphocyte Rolling in
Inflamed Venules'
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Intravital microscopy allows detailed analysis of leukocyte trafficking in vivo, but fails to identify the nature of leukocytes inves-
tigated. Here, we describe the development of a CD2-enhanced green fluorescence protein (EGFP)-transgenic mouse to charac-
terize lymphocyte trafficking during inflammation in vivo. A CD2-EGFP plasmid construct including the CD2 promoter, the
EGFP transgene, and the CD2 locus control region was injected into B6CBA/Fpronuclei. EGFP* offspring were backcrossed into
C57BL/6 mice for six generations. Flow cytometry demonstrated that all peripheral blood EGFP cells were positive for CD2 and
negative for the granulocyte Ag Ly 6-G (GR-1). EGFP'9" cells stained positive for CD2, CD3, CD8, TCRB-chain, and NK1.1 but
did not express the B cell and monocyte markers CD45RA, CD19, and CD11b. In vitro stimulation assays revealed no difference
in lymphocyte proliferation and IL-2 secretion between EGFP" and EGFP~ mice. Intravital microscopy of untreated or TNF-
a-treated cremaster muscle venules showed EGPPcells in vivo, but these cells did not roll or adhere to the vessel wall. In
cremaster muscle venules treated with both TNFa and IFN-y, EGFP"9" cells rolled, adhered, and transmigrated at a rolling
velocity slightly higher (11 um/s) than that of neutrophils (10 um/s). Blocking e, integrin with a mAb increased rolling velocity

to 24 um/s. These findings show that CD8 T cells roll in TNF- «/IFN- y-pretreated vessels in vivo via any, integrin-dependent
pathway. The Journal of Immunology,2001, 166: 7520—-7526.

gens and in autoimmune disease (1, 2). Ag recognition bythe skin and the gut (7, 8).

a T cell in the context of an appropriate MHC molecule  Although the molecular mechanisms underlying the trafficking
on the surface of an APC leads to T cell activation and clonalof naive lymphocytes to peripheral lymph nodes and Peyer’s
expansion. Recruitment of Ag-specific T cells to sites of inflam-patches has been studied in great detail (4, 9, 10), little is known
mation requires extravasation of these cells from the blood acrosghout how CD8 T cells get access to inflamed tissues. Based on
the endothelial barrier into the inflamed tissue. Selectin and inteevidence from homing of CD8 T cell clones to the lung (11),
grin adhesion molecules expressed on the surface of lymphocytgsiets of Langerhans (12), internal elastic lamina and lamina pro-
and endothelial cells (EC5ps well as chemokines and their re- pria of the gut (13), and other inflamed tissues, it is clear that
ceptors are thought to play an important role in effector |ymph0-|ymphocyte activation is required for recruitment of effector T
cyte-EC interactions (3, 4), but no such interaction has ever beepq|is. The sequence of events required is thought to encompass

observed in vivo. rolling, activation, arrest, and transmigration, akin to the paradigm

The cellular and molecular mechanisms governing lymphocyt§nown for neutrophil recruitment (10). However, it has not been
migration have been investigated in vitro for lymphocyte rolling ,,qgiple 1o directly demonstrate the adhesion cascade for"CD8
and adhesion to plate-bound adhesion molecules or to tissue S€Lector T cells in vivo. nor is the adhesion molecule usage in

tions (5, 6). These assays have been extremely useful in definin(gifferent steps known
adhesion molecules and their receptors. In vivo, cellular trafficking :

T cells play a central role in immune responses to patho-has been addressed using radiolabeled lymphocytes derived from

In contrast to neutrophils, most lymphocytes express significant
amounts ofx, integrins, includinga,B, (very late Ag-4, VLA-4)
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This limits assessment of cellular interaction of a specific cell type Kpn EcoR1 Not 1 (B)

with the endothelium. Recently, a CD4-green fluorescence protein IEcoR1 Sma ]Not
(GFP)-transgenic mouse has been described to study aDgll 5 5.2 kb ,4| 0.7kb K 6 kb J_ !
differentiation in vivo (25). However, activated T cells lose GFP

expression in the CD4-GFP mouse, making it less suitable for in €D2 promoter EGFP CD2 LCR

vivo studies of effector T cell trafficking. Here, we describe the o
development of a transgenic mouse expressing enhanced GHPGURE 1. Restriction map of the CD2-EGFP DNA construct used for

(EGFP) in T cells under a CD2 promoter with GFP eXpressiOnmicroinjection. The GFP coding sequence was placed under transcriptional
even in activated T cells. We demonstrate that this mouse is ontrol of the human CD2 promoter. The vector backbone was excised and

. . . e construct was injected into BECBAB F, embryos. LCR, Locus cen
useful research tool for selective analysis of T cell rolling andtr0| region ) AB F> y
adhesion during inflammation in vivo.

Materlalls and Methods. L master muscle was performed using an intravital microscope (Axioskop;
Transgenic construct and microinjection Carl Zeiss, Thornwood, NY) with x40 saline immersion objective (SW

An EccRINotl (blunted) fragment of pEGFP-N1 (Clontech, Palo Alto, 40/0.75). Vessels to be analyzed were chosen on the basis of video image

- . clarity and resolution. Using stroboscopic (30 flashes/s) epifluorescence,
CA) was cloned into thé€caRl/Sma sites between the human CD2 pro- intravital microscopy allowed for a clear differentiation between EC#P
moter and the CD2 locus control region of the pBS CD2 construct (26).and EGFB™ cells (see Fig. 2). Vessels were recorded on videotape (S-

The construct (see Fig. 1) was tested for GFP expression in transient tran§/-HS recorder; Panasonic, Osaka, Japan) with a SIT camera (SIT 66;
fection of cultured Jurkat cells. The construct was then prepared for PrOp AGE-MTI Mfchigan City ’IN) Meén bIF())od flow velocity, based on cen- ’

nuclear injection into fertilized BECBAZeggs by removing the plasmid terline RBC velocity (Circusoft; www.circusoft.com), and wall shear rates

backbone_ by d_{pnllNoﬂ digestion and subsequent agarose ge! purificati_on.were calculated as described elsewhere (28). The flux fraction of B&SFP

%2lls was calculated by dividing the counted number of EtSERells

at the University of Virginia Transgenic Mouse Core Facility (Charlottes- : p ] "

ville, VA). Tail )IIDNA w%s analyze%i for the transgene by P)'/C(R and tail passing a line _perpendlcular to the vessel by the total leukocyte (white
’ : ’ blood cell) flux in the same vessel.

bleeds from transgene positive mice were analyzed for GFP expression by
flow cytometry. Founder animals were backcrossed into C57BL/6J W“d'RoIIing velocity

type mice for six generations and maintained at the University of Virginia

Center for Comparative Medicine. Mice were used between 7 and 12 wiRolling velocities of single leukocytes along a venule segment were de-
of age. EGFP littermates served as controls. All experiments were-con termined for several leukocytes in postcapillary venules (diameter 30—-90
ducted according to protocols approved by the University of Virginia In- um). All leukocyte displacements and velocities were measured on a
stitutional Animal Care and Use Committee. Macintosh computer (Apple Computer, Cupertino, CA) using the public

. domain NIH Image program (developed at the National Institutes of Health
Surface Ag staining and flow cytometry

To characterize surface Ag expression of EGRtells, peripheral blood
leukocytes, lymph node cells, and splenocytes from EGFRice were
labeled with PE-conjugated anti-mouse Abs (all obtained from BD Phar
Mingen, San Diego, CA): anti-CD2 (clone RM2-5), anti-CD4 (clone RM4-
5), anti-CD& (clone 53-6.7), anti-CD@ (clone 53-5.8), anti-CD3 (clone
17A2), anti-TCRgB (clone H57-597), anti-NK1.1 (clone PK136), anti-
CD45RA/B220 (clone RA3-6B2), anti-CD19 (clone 1D3), anti-CD11b
(clone M1/70), anti-Ly-6G (clone RB6-8C5). After RBC lysis witha 1.5 M
NH,CI solution, all samples were run on a FACScan flow cytometer (BD
Biosciences, San Jose, CA). Data analysis was performed using CellQuest
software (BD Biosciences). Activated splenocytes were labeled with PE-
conjugated anti-mouse Abs to activation markers CD25 (clone M-A251),
CD69 (clone FN50), and CD44 (clone C26) and analyzed as described

above. : ‘

T cell proliferation and IL-2 assays yy -

Splenocytes were plated at>4 10° cells per well in 96-well flat-bottom
plates after RBC lysis and were stimulated with graded doses of Con A
(Sigma, St. Louis, MO), anti-CD2Ab clone 145-2C11 (BD PharMingen),

or with 10 ng/ml PMA (Sigma) plus 500 ng/ml ionomycin (Sigma) for
48 h. Controls were run in parallel without any stimulation. Plates were
pulsed with 1uCi of *H per well for the last 12 h of the assay, and
thymidine incorporation was analyzed by liquid scintillation spectroscopy
(LKB Pharmacia, Uppsala, Sweden). Data are expressed as mean values of §
triplicate measurements SD. For the IL-2 assay, culture supernatants ;
were harvested 24 h poststimulation, and IL-2 levels in the supernatant
were estimated using an IL-2 ELISA kit (BD PharMingen) as per manu-
facturer’s instructions.

Intravital microscopy

Before surgery, mice were injected with an intrascrotal injection of 250 ng
murine rTNF« (Genzyme, Cambridge, MA) for 3—-6 h, 259 murine
rIFN-vy (Sigma) for 6 h, and 10 U hirudin (Sigma) in 2g0isotonic saline.
Mice were anesthetized with i.p. injections of ketamine (12f3g body 20 pm
weight; Ketalar; Parke-Davis, Morris Plains, NJ), xylazine (12¢8g body ) - . . .
weight; Phoenix Scientific, St. Joseph, MO), and atropine sulfate (O.OZEIGURE 2. Vlsuallzgtlon of GFF_'( cells by intravital mlc_roscqprp-

9/g body weight; Elkins-Sinn, Cherry Hill, NJ), placed on a heating pad P€" panelshqws an ep|ﬂuorescen_t image of a cell expressing high levels of
to maintain body temperature, and prepared for intravital microscopy (27)GFP (EGFP"") and one expressing lower level of GFP (EGFF Lower

The cremaster muscle was prepared as described and superfused with theanelshows the transillumination image of the same postcapillary venule
mocontrolled (35°C) HC@buffered saline (22). Microscopy of the ere  of the inflamed cremaster muscle.
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FIGURE 3. Characterization of EGFPleukocytes in the spleefiet), T cells by epifluorescence microscopy. Cells were stained with PE-conju-

lymph node (iddle, and peripheral bloodight). Cells from each tissue gated Abs to CD4 or CD8, and EGFRED4 and CD8 T cells were sorted
were stained with PE-conjugated Abs to the indicated cell surface marker§ng observed under an epifluorescent microscBpé&, Analysis of the

and analyzed by flow cytometry. A total of 33.4% of splenocytes, 63.5% ofpyrightest 1% of total peripheral blood leukocytes. Cells were gated for
lymph node cells, and 20.5% of peripheral blood leukocytes were positive,ightest 1% of the peripheral blood leukocytes and analyzed for cell sur-
for EGFP. The percentage indicated above each plot represents the pgfce expression of indicated markers by flow cytometry. The percentage
centage of EGFP cells expressing each marker (CD2, CD3, CD4, CD8, jgicates the percentage of EGFEells expressing each marker.

and NK1.1).

and available on the internet at http://rsb.info.nih.gov/nih-image/). TheReSUItS - .
rolling velocity was calculated as displacement in micrometers per secona‘.‘tJeneraltlon of CD2-EGFP-transgenic mice

To generate CD2-EGFRtransgenic mice, the EGFP coding se
guence was placed under control of the human CD2 promoter and
Individual rolling EGFP'9" cells were tracked from the time entering a locus control region (Fig. 1). This strategy has been shown to
large postcapillary venule (diameter50 um) until the cells were lost.  ragylt in a position-independent, copy number-dependent T cell-

Displacements of tracked EGP# cells were measured offline every tenth e . . S
frame for the entire observation period. After tracking two to four Etsipp  SPECIfiC expression of the desired gene product (26). Microinjec-

cells per vessel observed, animals were injected withu§0mAb PS/2  tion of the construct into BECBA/Fertilized eggs resulted in two
directed against murine, integrin intra-arterially; 10 min later, the track  positive founders, identified by PCR, tail bleeding, and subsequent
ing experiments were continued studying one to four EGFRells inthe  flow cytometry. These mice were backcrossed into C57BL/6 wild-

same vessel. In separate experiments, P-selectin mAb RB40.34 (a gift fro ; :

D. Vestweber, Muster, Germany), E-selectin mAb 9A9 (a gift from B. 'S/pe mice. Whereas offspring from one founder lost EGFP expres-
Wolitzky, Hoffman-La Roche, Nutley, NJ), L-selectin mAb MEL-14 Sion past N3, offspring from founder two revealed a stable EGFP
(American Type Culture Collection, Manassas, VA), or CD44 mAb KM81 expression throughout (N7 today).

(American Type Culture Collection) were injected at @g/mouse i.v.

Blood samples for white blood cell counts were taken immediately beforeln vivo visualization of EGFP cells

and 5 min after Ab injection.

Adhesion molecule blocking experiments

Using intravital microscopy of the cremaster muscle, we sought to
Data analysis visualize EGFP cell trafficking in vivo. However, in two well-
All data are given as meart SEM. Statistical analysis was performed known models of inflammation in the cremaster muscle, with or

using Student’s test, Mann-Whitney rank sum test, and ANOVA on ranks Without TNF- pretreatment (22), no or only short, transient in-
test. Differences were considered statistically significapt 4 0.05. teractions between EGFPcells and the endothelium could be
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A bination of TNFe« for 3—6 h and IFNy for 6 h. This resulted in
stable of EGFP cells rolling at a median velocity similar to that
of neutrophils (13um/s), as well as occasional adhesion and trans-
migration. Intravital microscopy was able to distinguish between
EGFP'9"and EGFIPPY cells (Fig. 9. EGFP"9" cells accounted for

0.7% of all leukocytes.

500000
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400000 - GFP negative

cpm

300000
200000
100000 1

oA
Surface Ag expression of EGFRells

300000 ¢ 500 D Analysis of EGFP expression in splenocytes, peripheral lymph
node cells, and leukocytes in peripheral blood shows 33.4, 63.5,
and 20.5% of cells positive for EGFP in the spleen, lymph node,
and peripheral blood, respectively (Fig. 3). Ninety-seven to 100%
of all EGFP" cells express CD2. Both CD4 as well as CD8 T cells
in all three tissues express EGFP. CD4 T cells are predominantly
EGFP°", whereas CD8 T cells are EGE®. Between 0.9 and
15% of EGFPP™ cells express NK1.1 in these tissues (Fig. 3). B
145-2C11  [ug/mli] cells, macrophages, and granulocytes do not express EGFP (data
400000 E w000 F not shown). Because intravital microscopy uses an epifluorescent
microscope to visualize cells, we looked at the intensity of EGFP
in these two T cell subsets under the epifluorescent microscope
after sorting the EGFP¥ CD4 T cells and EGFP" CD8 T cells.
100000 & 1000 - Clearly, CD4 T cells show very poor fluorescence, whereas CD8 T
= cells appear to be very bright (FigAx
o 0 EGFP9" cells in peripheral blood accounted fe10.7% of all
leukocytes as determined by intravital microscopy. The brightest
1.0% of all analyzed cells were CD290% of the EGFP9" cells
] ] ) were CD8 T cells, 2.5% were CD4 T cells, and 8% stained positive
FIGURE 5. Splenocyte proliferative responsé, C, andE) to stimula- - yhe NK1.1 marker (Fig. B). These findings identify peripheral

tion by mitogen, Ab-mediated cross-linking, or PMA and ionomycin. A blood EGEPS" cells in our EGFP-transgenic mouse as predomi
total of 4 X 10° splenocytes were cocultured with graded doses of Con A
nantly CD8" lymphocytes.

(A), anti-CD3 Ab, 145-2C11 C), or 10 ng/ml PMA plus 500 ng/ml iono-
mycin (E). Data are expressed as mean of triplicateSD. BackgroundH
incorporation in the absence of stimulus wa&000 cpm for all cultures.  In vitro stimulation and proliferation assays
B, D, andF, IL-2 production. Culture supernatants were harvested at 24-
hours poststimulation and analyzed for IL-2 activity by ELISA in response
to Con A @B), anti-CDZ (D), or PMA plus ionomycin [f).

200000

cpm

100000 200

E
200000 B 2000
&

cpm

PMA [10 ng/ml] +
lonomycin [500 ng/ml]

Stimulation of splenocytes from EGFPand EGFP mice with
anti-CD% Ab, Con A, or PMA showed similar rates of prolifer-
ation (Fig. 5,A, C, andE) and IL-2 secretion (Fig. 3B, D, andF).
These data suggest that the transgene did not impair lymphocyte
observed. No stable rolling of EGFPcells was seen in either function.

model. Because pretreatment of ECs with both T&N&nd IFN-<y Upon stimulation with an anti-CD3 Ab, all EGFPcells ex

has been shown to lead to firm adhesion of activated T lymphopressed cell surface activation markers CD25, CD69, and in-
cytes in vitro (29), cremaster muscles were pretreated with a comereased levels of CD44 on day 3 and 7 postactivation (Fig. 6). In
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- o - o FIGURE 6. Expression of EGFP in activated T cells.
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1 3 . E N E Ab,145-2C11, and 10U/ml rIL-2 and analyzed for ex-
n no 3 E = . . -
£ 3 £ £ £ Day3  pression of cell surface activation markers CD25, CD69,
3 3 S 7 3 3 3 3 and CD44 by flow cytometry on days 0, 3, and 7. For
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FIGURE 7. Cumulative frequencies for rolling velocities of EGF¥ cells before (no Ab) and after treatment with 3§ of (A) P-selectin Ab RB40.34

and E-selectin Ab 9A9,R) «, integrin Ab PS/2, and®) CD44 Ab KM81 in postcapillary venules of inflamed cremaster muscle. The average velocity for
no Ab treatment is 11.3am/s, after RB40.34 plus 9A9 is 11,8n/s, after PS/2 is 24.4m/s, and after KM81 is 8.9um/s. *, Significantly different § <

0.05) from no Ab treatment.

a previously reported GFP-transgenic mouse (25), anti-CD3 Abperipheral blood leukocytes. Ninety percent of these cells are com-
activated CD8 T cells showed loss of GFP expression by day 7.prised of CD8 T cells, 2% of CD4 T cells, and 8% of NK cells,
In our mice, the activated CD8T cells continued to express with no B cells, monocytes, or neutrophils. The fluorescence in-
EGFP, albeit at lower levels, even on day 7 (Fig. 6), thereby intensity of EGFP was at least one decade higher in CD&ells
dicating that EGFP expression is not lost postactivation. compared with CD4 T cells as analyzed by flow cytometry (Fig.

Involvement ofy, integrin in CD8" T cell rolling

To address the molecular mechanisms of rolling of COBcells
in inflamed venules in vivo, we blocked several endothelial and 100 s o
leukocyte adhesion molecules using mAbs. Injection of blocking
concentrations of Abs to P-selectin, E-selectin, or L-selectin failed
to alter the rolling velocities of EGFE" cells (Fig. 7A and data

not shown) as well as total leukocytes in the transgene-negative
littermate controls (Fig. 8). Although the rolling velocities did

not change after blocking P- or E-selectin, the rolling flux fraction
was altered significantly after blocking both P- and E-selectin in
the transgene-negative littermate controls (FB). &fter injection

of the a, integrin mAb PS/2, the average rolling velocity of
EGFP" cells was significantly elevated from 11 to 24n/s (Fig.

7B and Table I). This indicates that, integrin is required to sta
bilize rolling of these CD8 T cells in inflamed venules in vivo.
We also investigated the role of CD44 in CD8 T cell rolling as a
candidate other thasm, integrin. As shown in Fig. €, CD44 does

not contribute to CD8 T cell rolling in our model, as blocking
CD44 with an anti-CD44 Ab, KM81, did not alter the rolling ve-
locity. Unknown selectin- and CD44-independent mechanisms
prevent EGFP9" cells from detaching even whe, integrins are
blocked.
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Discussion

Intravital microscopy is as a powerful tool for real-time analysis of
inflammatory cell rolling, adhesion, and migration in vivo (21).
However, this technique does not permit identification of individ- y
ual cell types during observation. Currently, for this purpose, cells NoAb RB40.34 9A9 RB40.34 PS/2

are purified in vitro, labeled with fluorescent dyes, and reinjected +9A9

in the host for analysis. Handling of cells in vitro during the iso- FIGURE 8. A, Cumulative frequencies for rolling velocities of all leu-
lation procedure could lead to perturbation of cell surface molekocytes before (no Ab) and after treatment withygof anti-P-selectin Ab
cules and change the activation status of a cell (30). To avoid thigRB40.34 and E-selectin Ab 9A9 ang, integrin Ab PS/2 in postcapillary

it would be desirable to identify cells in vivo, without having to Venules of TNFe and IFN-y-treated cremaster muscle. The average ve-
handle them in vitro, before analysis. To address this issue, wi@Cily for no Ab treatment is 9.Gum/s, after RB40.34 is 10.Am/s, after

generated transgenic mice that express EGFP in T cells for dire A9is 9.2pum/s, and after PS/2 is 1.2*8 Is.%, S'gn'f'cam'yd'.ﬁer?mp =
ST .05) from no Ab treatmenB, Rolling leukocyte flux fraction in trans-
observation in vivo.

. . . . . . . . gene-negative littermates with no Ab treatment (8%) and after treatment

Using intravital microscopy, it was possible to identify \w anti-p-selectin Ab RB40.34 (2.9%), E-selectin Ab 9A9 (14.9%), P-
EGFP"" and EGFP" cells in the peripheral blood (Fig. 2) of and E-selectin Abs (L1.2%), and integrin Ab PS/2 (7.8%) in postcapillary
untreated, EGFP-transgenic mice. EGFPcells are most readily  venules of inflamed cremaster muscleSignificantly different < 0.05)
detected by intravital microscopy and accounted @.7% of  from no Ab treatment.

[8)]
1
*

Rolling leukocyte flux fraction {%]
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Table I. Hemodynamic parameters and average rolling velocities for EGFP-transgenic mice and transgene-negative littermates

Centerline RBC Average Rolling
Vessels Cells Diameter Velocity Shear Rate Velocity
Treatment (n) (n) (um) (mm/s) (s (nm/s)
EGFP"9" cells No Ab 10 27 67t 5 3503 580= 60 11.3= 0.5
RB40.34+ 9A9 4 12 69+ 5 3.3x0.3 510= 30 11.8+ 1.0
PS/2 7 16 575 3504 650+ 70 244+ 1.1*
Km81 2 8 71+ 2 2503 370= 30 8.9+ 0.6
All leukocytes No Ab 31 609 41 2 3503 900+ 60 9.6+ 0.3
RB 40.34 13 191 43 2 3.9+04 950= 80 10.6+= 0.4
9A9 12 241 36* 2 22*0.2 620+ 50 9.2+ 0.5
PS/2 13 257 45 3 3.5+x0.3 870= 100 12.8+ 0.4*

*, Significantly different (p < 0.05) from no Ab treatment.

3) and by epifluorescent microscopy (Figh)4 Taken together, to transmigrate through the endothelium in the experimental auto-

these data show that almost all EGE®' cells are CD8 T cells.  immune encephalomyelitis model (42), and the levels of VLA-4 on
Introduction of the transgene did not perturb T cell function, the cell surface have been correlated to the degree of protection

because the T cells from EGFRnice were comparable to those conferred by CD8 T cell clones in an animal model of malaria

from transgene-negative littermates, as assessed by T cell proli{43).

eration and IL-2 production. In a previously reported GFP-trans- Interestingly, pretreatment with either TNFalone or IFNy

genic mouse (25), anti-CD3 Ab-activated CDJ cells showed alone failed to induce any stable rolling of the EGEP cells.

loss of EGFP expression by day 7. In the transgenic mice reporteBretreatment with TNk alone is sufficient for rolling and arrest

here, although activation of T cells using an anti-CD3 Ab led to aof neutrophils (27). In this model, the data suggests that{fillis

down-regulation of EGFP expression in CD§ cells, the major  TNF-a produces conditions not induced by TNFalone. It is

ity of these activated cells{80%) continue to express EGFP even possible that IFNy-dependent chemokine up-regulation may con-

on day 7 postactivation (Fig. 6). tribute to CD8 T cell rolling and/or adhesion. For example, IfFN-
Recruitment of neutrophils is known to be achieved through aalone or in combination with TNfe is known to up-regulate the

series of well-defined interactions between the neutrophil and ECCXCR3 ligand IFN-inducible T celle chemoattractant in human

that encompass rolling, activation, and arrest followed by transECs (44). However, the present study does not address the poten-

migration (10). Lymphocytes are thought to be recruited through aial role of chemokines.

similar mechanism (31), and a multistep process has clearly been In conclusion, we use a novel CD2-EGFP-transgenic mouse to

shown for homing of naive lymphocytes to secondary lymphaticshow that CD8 T cells usea, integrins to roll on inflamed en

organs (4, 32), but not for effector T cells. Selectin and integrindothelium in vivo. This mouse will be very useful in elucidating

molecules appear to play an important role in migration of T cellsthe adhesion cascade involved in recruitment of CD8 T cells to

to sites of inflammation. E- and P-selectin are involved in CO4  sites of inflammation in vivo.

cell migration into inflamed skin (33, 34), whereas migration of
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